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Effects of Estrogen on the Process of Cardiac Remodeling and Nephrosclerosis in Dahl Hypertensive 
Rats with Heart Failure
Rie Fukushima （Department of Nephrology, Saitama Medical School, Moroyama, Iruma-gun, Saitama 350-0495, Japan）
Objective: This study was attempted to elucidate the role of estrogen in the process of cardiac remodeling and 
nephrosclerosis in Dahl -S female rats with myocardial infarction. Methods: 48 Dahl -S rats with myocardial 
infarction (MI) were divided into four groups as follows; Group 1: MI rats with normal - salt diet (LS, 0.5％NaCl 
diet), Group 2: MI rats with high - salt diet (HS, 8％NaCl diet), Group 3: MI rats with ovariectomy (OVX, 8％NaCl 
diet), Group 4: OVX rats with supplementation of estrogen (EST) (8％NaCl diet, 17βestradiol 15 mg/pellet/90 
days subcutaneous pellet). Myocardial infarction was made by coronary artery ligation. One week after surgery, 
ovariectomy was performed. After ovariectomy, high salt diet was fed and water was given ad libitum for 12 weeks. 
During the study, blood pressure (BP), heart rate, body weight, urine volume and urinary excretions of protein and 
sodium were measured every 2 weeks. Transthoracic echocardiogram (ejection fraction: EF, inter ventricular septal 
thickness: IVST) was performed under anesthesia at 12 weeks after surgery. At the end of the study, the heart and 
the kidney tissues were obtained for light microscopic examination and evaluations of the expression of mRNA of 
ACE (angiotensin converting enzyme) and ecNOS (nitric oxide synthase). Results: 1. Blood pressure in HS group 
showed a gradual elevation from 132＋/－8 to 152＋/－10 mmHg (12 weeks) accompanied with the reduction of 
EF (LS:64＋/－4％ vs. HS:46＋/－3％, P＜0.01) and increases of IVST. Ovariectomy induced significant reduction 
in EF (OVX:26＋/－3％, P＜0.01 vs. HS) and increases in IVST without any significant changes in systemic BP 
(OVX:174＋/－12 mmHg). 2. Ovariectomy induced no significant changes in plasma concentration of ACE, PRA 
(plasma renin activity), angiotensin I  and angiotensin II. 3. In the heart obtained from OVX rats, expression 
of ecNOS -mRNA was decreased and ACE -mRNA was increased. Ovariectomy induced aggravation of cardiac 
hypertrophy and fibrosis. Treatment with estrogen in OVX rats improved EF (EST:38＋/－4％, P＜0.01 vs. OVX: 
26＋/－3％) and cardiac hypertrophy, although blood pressure remained at the levels of 168＋/－8 mmHg. 4. 
In the heart obtained from EST rats, expression of ecNOS -mRNA was significantly increased and ACE -mRNA 
was significantly suppressed compared to HS. 5. In HS rats, urinary excretion of protein was increased (182.2＋
/－40.2 mg/day). Ovariectomy induced the reduction of urinary excretion of protein (125.4＋/－23.4 mg/day) 
and estrogen supplementation induced a significant increases of urinary excretion of protein (352.2＋/－48.0 
mg/day). 6. Light microscopic findings in the kidney showed glomerulosclerosis and interstitial fibrosis in HS rats. 
Estrogen supplementation induced the aggravation of glomerulosclerosis and interstitial fibrosis accompanied with 
microangiopathy and thrombosis. Conclusion: These data indicate that estrogen might protect the development of 
cardiac hypertrophy and consuming heart failure. However, estrogen promotes microangiopathy and thrombosis 
in the kidney with progression of  kidney insufficiency in Dahl -S rats with heart failure.
Keywords: Hypertension, Myocardial Infarction, salt - sensitivity
J Saitama Med School 2004;31:41 -54
(Received December 10, 2003)
埼玉医科大学腎臓内科学教室　〔平成 15年 12月 10日 受付〕
















































































　今回の実験については the Guide for the Care and 

















を切開し左開胸後，第 4肋間，第 4肋骨ならびに第 5
肋骨を切断し開胸器で固定し，直視下に左冠動脈を


























一日 15 g投与（n＝12），Estrogen投与群（以下 EST
群と略す）：両側卵巣摘出＋ Estradiol Pellet （Innovative 
Research of America Inc, FD, USA） （70μg/日）皮下
埋め込み＋ 8％NaCl食一日 15 g投与（n＝12）の 4群
とした．手術方法は，LS群，OVX群および HS群は
Nembutal麻酔下に頚背部を切開し，皮下に placebo 
pellet （Innovative Research of America Inc, FD, USA）を
移植した．OVX群と EST群は同様に左右の腰背部よ
り開腹し左右の卵巣を摘出した．EST群に対してはさ
らに頚背部を切開し，皮下に 15 mg/pellet/90 daysの
Estradiol（E2）を含有する pellet（Innovative Research 









始後 10週目に Diethyl Ether麻酔下に心臓超音波によ
り心機能の測定を行った．12週間の実験終了時（24
週齢時）に断頭採血し，血漿 Estradiol，angiotensin I（以
下 Ang Iと略す）および angiotensin II（以下 Ang IIと
略す），Plasma aldosterone concentration（以下 PAC
と略す），Plasma renin activity（以下 PRAと略す），
および angiotensin converting enzyme（以下 ACEと
略す）の測定を行った．さらに血清の総蛋白（以下 TP







－80℃で保存後 RNAを抽出し，endothelial constitutive 

















置 SSA-550A TOSHIBA  Nemio TM （Toshiba Medical 

















　血漿 Estradiol ，Ang I，Ang II，PAC，PRAおよび血
清 ACE，TP，Alb，BUN，Cr，Na，Kを測定した．採血し





Products Corporation, LA, USA）を用いて，RIA2 抗
体法により測定した．Ang I，Ang IIおよび Aldは
第 1抗体液として，抗ウサギ抗体ヤギ血清を用い，
そして，トレーサー溶液として 125I - angiotensin I，



















ルと 40μlの 3Mの NaOAcを加えエタノール沈澱を
行った．次に，15000 rpmで遠心分離後，上清を捨




　逆転写酵素反応：Reverse transcription （以下 RT
と略す）を用いて，あらかじめ RNAを鋳型とした
cDNAの合成反応を行い，それを鋳型として PCRを
Gene Amp PCR system 9600（Perkin -Elmer, Inc, MA, 
USA）を用いて行う．DEPC処理水に溶かした RNA
の Dnase I 処理を行う．Dnase I 10×Buffer，Dnase 
I amplification Grade（GIBCO BRL. Rockville, MD, 
USA）を加えて全量で 10μlを 37℃で 15分間加温し，
次に，それに EDTA1μl加え，さらに 70℃，15分間
加温し，Dnase Iの反応を停止する．これに Oligo（dT）
primer（GIBCO, BRL GRAND lsland, NY, USA） 3μl，5
×first Buffer 6μl，DTT 3μl，dNTP mixture（TAKARA 
東京）6μl，逆転写酵素である Super script II（GIBCO 
BRL, Rockville, MD, USA）0.7μl を 加 え，42 ℃，60
分で保温し，RT反応をさせる．この cDNA 1μlに
DEPC処理水 32.5μl，DMSO 5μl，10×PCR Buffer 5μl，
dNTP mixture 4μl，Forward Primer（以下 Fwと略す）
1μl，Reverse Primer （以下 Rv と略す）1μl，r Taq 
polymerase （TAKARA 東京）0.5μlを加えて全量で 50
μlとし，これを 94℃で 5分間，さらに 94℃で 30秒，














Forward Primer (Fw): 
5’ -TCGCGTCAACTTCCTGGGTATGTACC-3’

























Interstitial cell infiltration Index を計算した．強拡大一
視野中の間質の細胞浸潤数を計測し，その 20視野の









び臓器重量，Sclerosis Indexならびに Interstitial Cell 























































Fig. 1. Time course changes in blood pressure (upper panel) 
and heart rats (lower panel) in Dahl salt sensitive (Dahl -S) 
rats with myocardial infarction. Closed circle indicates 
low -salt group (LS), closed square indicates high - salt group 
(HS), closed triangle indicates ovariectomy group (OVX) 
and closed diamond indicates estrogen treated group (EST). 
Values are means±SEM.. *P＜0.01 vs. LS group.

















低下と Estrogen pelletによる Estrogenの補充に伴う
Estradiol血中濃度の有意な上昇を確認した．（LS群：
18.4±2.8 pg/ml，HS群：13.7±2.8 pg/ml，OVX群：3.8









群と比較し OVX群にて血中 ACEの増加，血中 PRA









±13 g）．また OVX群 12週では LS群と比較して有意
な体重の増加を認めた（OVX12週：366±14 g）．一方
12週の体重は HS群，EST群では有意な差はなかった．
　12週における Dahl -Sラットの体重 100 gあたりの
心臓重量は HS群は LS群と比較して有意な増加を認
め た（LS 群：0.34±0.02 g/100 gBW，HS 群：0.42±
0.02 g/100 gBW）．OVX群の心臓重量は HS群と比較
して有意な心重量の増加を認めた（OVX群：0.49±
0.03 g/100 gBW）．一方 EST群では，OVX群で認めた
HS群に対する心重量の増加は認められなかった（EST
群：0.44±0.02 g/100 gBW）．12週におけるDahl -Sラッ
トの体重 100 gあたりの腎臓重量では，4群間におい
て有意差は認められなかった．







Fig. 2. Time course changes in urine volume (upper panel) 
and urinary excretion of sodium (lower panel) in Dahl salt 
sensitive (Dahl -S) rats with myocardial infarction. Closed 
circle indicates low -salt group (LS), closed square indicates 
high - salt group (HS), closed triangle indicates ovariectomy 
group (OVX) and closed diamond indicates estrogen treated 
group (EST). Open bar indicates LS group, small dot bar 
indicates HS group, large dot bar indicates OVX group and 
closed bar indicates EST group.Values are means±SEM.. *P
＜0.01 vs. LS group.
Fig. 3. Time course changes in urinary excretion of protein 
in Dahl salt sensitive (Dahl -S) rats with myocardial infarction. 
Closed circle indicates low -salt group (LS), closed square 
indicates high - salt group (HS), closed triangle indicates 
ovariectomy group (OVX) and closed diamond indicates 
estrogen treated group (EST)Values are means±SEM.. *P＜
0.05, **P＜0.01 vs. LS group. ＋P＜0.05, ＋＋P＜0.01 vs. HS 
group, and ##P＜0.01 vs. OVX group.
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Table 1. Changes in total protein (TP), serum albumin (Alb), 
creatinine (Cr), blood urea nitrogen (BUN), sodium (Na), 
and Potassium (K).Values are means±SEM.. *P＜0.05 vs. LS 
group. ＋P＜0.05 vs. HS group, and #P＜0.05 vs. OVX group.
Table 2. Changes in body weight, heart weight and kidney 
weight in Dahl salt sensitive (Dahl -S) rats with myocardial 
infarction. Values are means±SEM.. *P＜0.05, **P＜0.01 vs. 
LS group. ＋P＜0.05, ＋＋P＜0.01 vs. HS group, and #P＜0.05, 
##P＜0.01 vs. OVX group.
Fig. 4. Changes in plasma concentration of estrogen, angiotensin I, angiotensin II, plasma renin activity (PRA), plasma 
aldosterone concentration (PAC), and angiotensin converting enzyme (ACE) in Dahl salt sensitive (Dahl -S) rats with 
myocardial infarction. Open bar indicates LS group, small dot bar indicates HS group, and large dot bar indicates OVX group 
and closed bar indicates EST group.Values are means±SEM.. *P＜0.05, **P＜0.01 vs. LS group. ＋P＜0.05, ＋＋P＜0.01 vs. HS 
group, and #P＜0.05, ##P＜0.01 vs. OVX group.
Fig. 5. Changes in echocardiography in Dahl salt sensitive (Dahl -S) rats with myocardial infarction. (a) sham operation rat, 
MI(－) (b) two weeks after surgery in Dahl -S rats with myocardial infarction with high salt loading, and (c) twelve weeks after 
surgery in Dahl -S rats with myocardial infarction with high salt loading.
a c
b














































OVX群で ACEの発現が 0.75±0.22と HS群ならびに
LS群と比較して有意な亢進が認められた．ecNOSは
LS群の 0.18±0.03と比較して HS群は 0.44±0.04と
有意な発現の亢進が見られた．また OVX群は ecNOS
の発現は 0.07±0.01と HS群および LS群と比較し有




Table 3. Changes in left ventricular diameter of diastolic 
(LVDd), ventricular diameter of systolic (LVDs), (IVST), and 
ejection fraction (EF). Values are means±SEM.. *P＜0.05, 
**P＜0.01 vs. LS group. ＋P＜0.05, ＋＋P＜0.01 vs. HS group, 
and #P＜0.05, ##P＜0.01 vs. OVX group.
Fig. 6. Changes in echocardiography in Dahl salt sensitive (Dahl -S) rats with myocardial infarction at 12 weeks after 
surgery.(a) Low-salt group (LS) group, (b) high - salt (HS) group, (c) ovariectomy (OVX) group and (d) estrogen - treated (EST) 
group.
a b c d
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Fig. 7. Morphological changes in the kidney in Dahl salt sensitive (Dahl -S) rats with myocardial infarction at 12 weeks after 
surgery. (a) Low-salt group (LS) group, (b) high - salt (HS) group, (c) ovariectomy (OVX) group and (d) estrogen - treated (EST) 
group.
Fig. 8. Morphological changes in kidney in Dahl salt sensitive (Dahl -S) rats with myocardial infarction at 12 weeks after 
surgery (Estrogen treated group, Hematoxylin and Eosin stain, x200). Estrogen supplementation induced the aggravation of 
glomerulosclerosis and interstitial fibrosis accompanied with microangiopathy and thrombosis. 
Fig. 9. Changes in sclerosis index (SI) and Interstitial Cell 
Infiltration Index (IC) in Dahl salt sensitive (Dahl -S) rats with 
myocardial infarction at 12 weeks after surgery. Open bar 
indicates LS group, small dot bar indicates HS group, large 
dot bar indicates OVX group and closed bar indicates EST 
group.Values are means±SEM.. *P＜0.05, **P＜0.01 vs. LS 
group. ＋P＜0.05, ＋＋P＜0.01 vs. HS group, and #P＜0.05, 
##P＜0.01 vs. OVX group.
Fig. 10. Expression of angiotensin converting enzyme (ACE) 
-mRNA (left panel) and endothelium constitutive Nitric Oxide 
synthase (ecNOS) -mRNA in the heart in Dahl salt sensitive 
(Dahl -S) rats with myocardial infarction. Open bar indicates 
low-salt (LS) group, small dot bar indicates high-salt (HS) group, 
large dot bar indicates ovariectomy (OVX) group and closed bar 
indicates estrogen treated (EST) group.Values are means±SEM.. 
*P＜0.05, **P＜0.01 vs. LS group. ＋P＜0.05, ＋＋P＜0.01 vs. HS 
group, and #P＜0.05, ##P＜0.01 vs. OVX group.












































































Fig. 11. Expression of angiotensin converting enzyme (ACE) 
-mRNA (left panel) and endothelium constitutive Nitric Oxide 
synthase (ecNOS) -mRNA in the kidney in Dahl salt sensitive 
(Dahl -S) rats with myocardial infarction. Open bar indicates 
low -salt (LS) group, small dot bar indicates high - salt (HS) 
group, large dot bar indicates ovariectomy (OVX) group and 
closed bar indicates estrogen treated (EST) group.Values are 
means±SEM.. *P＜0.05, **P＜0.01 vs. LS group. ＋P＜0.05, 






























での報告では 1 -10μgの Estrogenの皮下注射による





ある 30 -140 pg/mlに維持されたと報告している．こ
の容量は十分に生理的な作用を発現する容量であり，
ラットの子宮の発育も促進しえたと報告している59)．


















の血中 Angiotensin Iおよび Angiotensin IIの有意
な変化は見られなかった．EST群でも有意な R-A
系の変化は見られなかった．
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